Arcanobacterium pyogenes is a normal inhabitant of the mucous membranes of domestic animals, such as cattle, sheep, swine, and goats. It is also an opportunistic pathogen in these animals, where it causes a variety of purulent infections involving the skin, joints, and visceral organs. Two recent cases of isolation of A. pyogenes from companion animals are reported. In the first case, a cat presented with a chronic otitis externa, from which A. pyogenes was isolated in pure culture. The second case involved a dog with a urinary tract infection, where A. pyogenes was isolated from urine as the predominant bacterial species. In both cases, the A. pyogenes isolates were presumptively identified by macrobiochemical tests, and then their identities were confirmed by polymerase chain reaction analysis and 16S rRNA gene sequencing.
of clinical illness and a small focus of infection might only be detectable by postmortem examination.
Inflammatory changes within the fetal lung were diffuse, without the abscess formation and necrosis typical of subacute to chronic postnatal R. equi pneumonia. The disseminated nature of the pneumonia was similar to that in a previous report, in which the lesions were suggested to be acute. 2 The presence of R. equi in airways, pulmonary alveolar spaces, and stomach content of both fetuses is consistent with aspiration and ingestion, respectively, of infected amnionic fluid. Proximity of bacteria to allantoic surfaces within the placenta most likely allowed access to the allantoic and amnionic cavities. Presentation of the fetus within intact placental membranes indicated sudden separation of the chorioallantois from the endometrium due to fetal hypoxia; the cause in this case was most likely the severe pulmonary disease.
The present case and one previous report indicate an association between rhodococcal infection, fetal pneumonia, and abortion in horses. Surveys of equine placentitis, equine abortion, and stillbirth reported from the Department of Veterinary Sciences, Livestock Disease Diagnostic Center, University of Kentucky, Lexington, Kentucky, for the 1988 and 1989 foaling seasons did not report R. equi as a cause. 4, 5 One other case of rhodococcal abortion and fetal pneumonia was diagnosed in this laboratory in 1998; Gram-positive coccobacilli were observed histologically in the amnion but not the chorioallantois. The high prevalence of virulent organisms in the environment of many farms and in fecal ma-terial of mares on those farms 7 does not appear to be associated with ascending uterine infections, and isolation of this organism from cervical culture is uncommon. 1 To the authors' knowledge, this is the first description of placentitis due to R. equi infection in a horse. membranes of cattle, sheep, swine, and other economically important animals. 4, 17, 20 A. pyogenes is considered to be an opportunistic pathogen because it usually lacks the ability to cause disease a priori. Following an insult, such as injury or primary bacterial or viral infection, A. pyogenes can disseminate to cause mastitis and abortion as well as a variety of suppurative infections involving the skin, joints, and visceral organs in domestic animals. 4 A. pyogenes also causes osteomyelitis in turkeys 3 and pneumonia in deer 18 and bighorn sheep. 7 However, this bacterium has not often been ascribed to infections of companion animals. The authors were only able to find 2 such cases, canine chronic lung abscess 11 and feline pyothorax. 5 This report recounts A. pyogenes isolations from disease conditions in a dog and a cat.
An 8-year-old intact male domestic shorthair cat presented to a practitioner with a complaint of a chronic ear infection. The veterinarian collected both a punch biopsy and an ear swab and submitted them to the Rollins Animal Disease Diagnostic Laboratory, Raleigh, North Carolina, with a request for histopathology and bacterial culture. A. pyogenes was isolated in pure culture, and there were high numbers from the ear swab when streaked on Tryptic Soy Agar No. 2 a with 5% bovine blood. The histologic finding was chronic inflammation of the external ear canal that involved many of the ceruminous glands. Glandular hyperplasia and fibrinopurulent exudate were observed.
Urinary tract infection was suspected in an 8-year-old intact male mixed breed dog. The practitioner collected urine by cystocentesis and submitted it to the Rollins Animal Disease Diagnostic Laboratory, Raleigh, North Carolina. Bacterial quantitation and aerobic culture on Tryptic Soy Agar No. 2 a with 5% bovine blood were performed. One thousand to 5,000 cfu/ml of A. pyogenes, 100 cfu/ml of Escherichia coli, and 100 cfu/ml of Pasteurella multocida were recovered.
Presumptive identification of the feline isolate, 4014-97, and the canine isolate, 23901-97, as A. pyogenes was by conventional tube macrobiochemical tests. 8 Both isolates were beta-hemolytic on bovine blood and were able to hydrolyze gelatin and starch (Table 1 ). In addition, the isolates were unable to hydrolyze esculin or reduce nitrate and did not produce urease. These results are typical of A. pyogenes isolates. Both 4014-97 and 23901-97 fermented glucose but did not ferment maltose, mannitol, sucrose, or xylose. This pattern of fermentation varied from that of the A. pyogenes type strain NCTC 5224 (Table 1) ; however, sugar fermentation patterns among A. pyogenes isolates may vary. 21 The isolates were then sent to the Department of Veteri-nary Science and Microbiology, University of Arizona, Tucson, Arizona, for species confirmation using molecular biology tests. Presumptive A. pyogenes colonies were subjected to polymerase chain reaction (PCR) with primers designed to the plo gene, which encodes pyolysin, the hemolytic exotoxin of A. pyogenes. 2 The primers, 5Ј-GGCCCGAATGTCACCGC-3Ј and 5Ј-AACTCCGCCTCTA GCGC-3Ј, spanned bases 823-839 and 1,076-1,092 of the plo open reading frame. A DNA template was prepared from boiled bacterial cells. Briefly, 2-3 colonies were suspended in 200 l water and boiled for 20 minutes. The cell debris was removed by centrifugation at 13,200 ϫ g for 5 minutes and 10 -l of supernatant was used as template in a 100l PCR reaction. The PCR DNA amplification was performed using Taq DNA polymerase b with the supplied reaction buffer for 35 cycles consisting of 1 minute at 94 C, 1 minute at 55 C, and 1 minute at 72 C, with a final extension step of 72 C for 5 minutes. The PCR products were subjected to electrophoresis through a 1.0% agarose gel containing 1 g/ml ethidium bromide and were visualized by UV transillumination. A. pyogenes NCTC 5224 was used to determine the specificity of the PCR primers used in this study.
Amplification of a 270-bp product with the plo-specific primers was observed in both 4014-97 and 23901-97. This product was identical to that amplified from the type strain, NCTC 5224 ( Fig. 1) , further suggesting that these isolates were A. pyogenes.
To ascertain the phylogenetic relationships of strains 4014-97 and 23901-97, their 16S rRNA genes were sequenced and subjected to a comparative analysis. The 16S rRNA genes of the putative A. pyogenes isolates were amplified using a pair of universal 16S rRNA PCR primers, FD1 (5Ј-CCGAATTCGTCGACAACAGAGTTTGATCCTG GCTCAG-3Ј) and RP2 (5Ј-CCCGGGATCCAAGCTTACG GCTACCTTGTTACGACTT-3Ј). 22 The PCR DNA amplification was performed for 35 cycles consisting of 1 minute at 94 C, 1 minute at 45 C, and 2 minutes at 72 C, with a final extension step of 72 C for 7 minutes, as described above. The PCR products were separated on a 1.0% lowmelting-temperature agarose gel, the 1.5-kb PCR products were excised, and the DNA was extracted using a kit, c as per the manufacturer's instructions. The DNA was further purified by passage through a microconcentrator, d as described by the manufacturer. Sequencing reactions were performed by the DNA Sequencing Facility at The University of Arizona, Tucson, Arizona. Nucleotide sequence data were compiled using a commercial software program. e The 16S rRNA gene sequences generated from strains 4014-97 and 23901-97 were compared with sequences in the GenBank database f using the BlastN algorithm. 1 A. pyogenes (GenBank accession number X79225) and other Arcanobacterium species were the top matches in both searches. In addition, pairwise comparisons with each of the Arcanobacterium species (A. bernardiae, X79224; A. haemolyticum, X73952; A. phocae, X97049; A. pyogenes, X79225) indicated that the sequences from strains 4014-97 and 23901-97 were most closely related to that of the type strain of A. pyogenes NCTC 5224. In strain 4014-97, there was 1 base change and a 1-base insertion compared to the type strain. Similarly, strain 23901-97 had only 1 base change compared with the 16S rRNA gene sequence for A. pyogenes NCTC 5224. The base changes in strains 4014-97 and 23901-97 were not at the same position. However, these changes reflect naturally occurring divergence in A. pyogenes strains and these specific changes have been identified in other A. pyogenes 16S rRNA gene sequences (S. J. Billington, unpublished data).
A. pyogenes is a frequent and well-known opportunistic pathogen of economically important domestic animals, such as cattle, sheep, and swine. 10, 12, 15, 16 Unlike in domestic animals, A. pyogenes is not known to be a normal inhabitant of humans or their companion animals. Infections in man are rare, although they have been reported. 6, 9, 13, 14 Similarly, reports of isolation of A. pyogenes from companion animals, such as cats and dogs, are uncommon. 5, 11 Both the patients in the 2 cases reported here were from single-animal, suburban homes and were unlikely to have come in contact with animals that normally carry A. pyogenes. This report serves to further highlight the fact that A. pyogenes can be pathogenic in a wide variety of animal species and that veterinary microbiologists should consider this organism when processing clinical material from companion animals. 
Immunohistochemical demonstration of Francisella tularensis in lesions of cats with tularemia
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Abstract. An immunohistochemical test was developed and validated for detection of Francisella tularensis antigen in tissues of cats with fatal tularemia. Ten cases of naturally occurring tularemia in cats were positive both by isolation of F. tularensis and immunohistochemical identification of F. tularensis antigen. Nine additional cases with lesions typical of tularemia were positive for F. tularensis antigen, although bacterial cultures were not performed. Immunohistochemical identification of F. tularensis in formalin-fixed tissue is valuable for establishing a rapid etiologic diagnosis under circumstances where fresh tissues may not be available for isolation and identification of the organism.
Francisella tularensis infections in cats are characterized by septicemic disease that is often fatal unless prompt treatment is initiated. 17 Because of zoonotic concerns, diagnosis of tularemia in animals is additionally important. Gross and microscopic lesions of tularemia in cats have been described; 1, 8, 14 however, the lesions are not etiology specific. In cats, plague 6, 16 (Yersinia pestis infection), pseudotuberculosis 13, 15 (Yersinia pseudotuberculosis infection), and feline infectious peritonitis 2 may have clinical signs and gross and microscopic lesions that overlap with those of tularemia; therefore, bacterial isolation or immunofluorescence testing is necessary for an etiologic diagnosis. Since only formalin-fixed tissues may be available for diagnostic purposes, an immunohistochemical test for F. tularensis in formalin-fixed tissues is described.
Fatal F. tularensis infections were confirmed in 10 cats by bacteriologic culture of multiple organs. All 10 cats, with similar histories of death after a short period of clinical signs, were from Kansas, and either tissue specimens or carcasses were submitted. Nine additional feline case submissions from Kansas were examined that had lesions that were very characteristic of tularemia and were positive by immunohistochemical staining; bacterial cultures were not perfomed on these 9 cases, often because fresh tissues were not submitted for culture.
Macroscopic lesions consisted of caseous necrosis in mesenteric lymph nodes (10 cases) and spleen (9 cases) of cats From the Department of Diagnostic Medicine/Pathobiology, Kansas State University, Manhattan, KS 66506.
Received for publication April 11, 2001. from which F. tularensis was isolated. Often, lesions also were present in the liver, lung, and small intestine. Microscopically, lesions in lymph nodes and spleens were characterized by multifocal to coalescing areas of caseous necrosis and granulomatous inflammation. Abundant karyhorrhectic debris obscured Gram stains of tissue sections. Francisella tularensis isolation and identification was performed as follows: Tissues were inoculated onto blood agar and cystine heart agar containing rabbit blood. a Plates were incubated for 7 days at 37 C in 5% CO 2 and were inspected daily for growth. Growth of dew-drop colonies on cystine heart agar and not on blood agar was considered presumptive for F. tularensis. Some of the cases had slight growth on blood agar, but colonies were smaller and required 24-48 hours longer to appear on blood agar than on cystine heart agar. Cystine-independent strains of F. tularensis have been reported. 3 Four of the 10 F. tularensis isolates were sent to the Division of Vector-Borne Diseases of the Centers for Disease Control and Prevention in Fort Collins, Colorado, for confirmation. All 4 of the isolates were confirmed as F. tularensis subsp. tularensis.
For immunohistochemical identification of F. tularensis, formalin-fixed paraffin-embedded tissues were sectioned at 4 m onto pretreated slides. b Sections were heat fixed, then deparaffinized and rehydrated through graded alcohols to distilled water. Sections were pretreated with trypsin for 10 minutes and 3% hydrogen peroxide for 5 minutes. After application of the primary antibody, rabbit anti-F. tularensis diluted 1:600, c sections were incubated for 20 minutes at room temperature. Biotinylated goat antirabbit antibody c diluted 1:200 was applied, and sections were incubated for 15
